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(54) ENCODING METHOD AND RECORDING AND REPRODUCING DEVICE USING THE SAME 

(5 7 Abstract: 

PROBLEM TO BE SOLVED:To obtain a record code 
whose distance between codes is long and also which 
has a short run length by receiving M-bit data and 
generating an N —bit code word in which a continuous 
number of one in a code word string is a 1st prescribed 
number or less and also a continuous number of zero is 
a 2nd prescribed number or less. 
SOLUTION: A magnetically recording and reproducing 
device 100 records data outputted from a host device 
1 10 such as a computer on a recording medium 150, also 
reads data recorded on the medium 150 and outputs it 
to the device 1 10. And in a digital signal decoding device 
180, an encoder 120 and a decoder 185 uses the next 
code. A code recorded on the device 100 usually 
consists of 8-bit data that is called 1 byte. For instance, 
when 2 bytes (1 6— bits) data is converted into on 17-bit 
record data, a code word in which continuous zeros are 
1 0— bits at largest in any part of the code and also 
continuous ones are 3— bits is configured. 
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<&m¥ 1 1 -2 4 3 3 4 



±mnnmxv hmiztsnz 1 ©£*&«<£ 1 ©are© 

»K£TFT?*i3. *o±SB«F#»lfy Hyjt^ttft-ifn 
0*«*36*»2©Bf^OKLttTT*4±SaNKy h© 

T. 

^-^©hfy h*M#l 6. «F#«©bfy h*N*«l 
7. & 1 W3r^K»»:K^3. S2OiML*U0t 

[»#JS4] iWrE»**i*»6 3tE«o«F^k*teK: 
-ao±EW<»»oii«r*«»Kfet>T. $ i ©«f^ 

2©f$^§§©J:<£k*>y MC&tt-S 1 Ol8ftA«2T*S 
Ml 1 ©ft^I§©Tft 3 fcfy h&HW4JB2©«F^ 

c*«u *i tJB2©«f^ii©aa!r*a5»K*t»T 
*A:-r*«F^<k»*#-r*E*ii£StBc*^»T, 

±EffiF*MbStt. ±BMbfy h©7*-*£*W-«(0. ± 
E«F#»bf y h^Jf'&ttS 1 ©S^&aiSH 1 ©F3f>£©& 

KKTtibo. j&o±e«f*msi;v hJijtciJtt-s-tfD© 

3»l****SB2©Bf3e©»LfitT-C»*±ENlfy h©# 
#§§£5S£f£ £ <fc *#«£TSEfikW£«B. 

C«W©#««t»lW3 

[0 0 0 1] 

[5fi^©B-r«ft«»»] T'-^fcUJHfcLTESkUS 
[0 0 0 2] 

[«**©««] E*W£«»fc5*— **«F^ 

ffcLTEftL. W£<fc«Mt£fT38BK:*^T. E»T 

[0 0 0 3] B9i©»l?©fci&K:. a*ft«C-3C>TMI 



tr. BIT. «*E»^r*;u*0iJ£LTiMi-r«. fl»K 

&, ataE*^**;^. d£ lmmommmw-^-ii-r 

aifCfif^MTIfijJ*, (1-D)(l+D)n ( (1+D) © 
n ft) (n=l, 2, 3, . . . ) ©< >/t;|/XJCtf S Rft3/t— 

MTiWi-D) (i+D)T ; t^;ufl:*n*5 t r*JHi, 1*3 

£tf0 (*5t,»tt— fl£l$lC+- a, -a) ©2iiU#tt, 
+ 1, 0£«fctf-l (&-5W4. +c, 0, -c) ©3 
tttH#<h&-5„ -1*>/'?;UXJS^*<(1-D) (1+D) * 2 

T^JMfcSns?^ *;i/H:i£3gP R4*-5t,>aEPR 
4tP*«n. I*3«fctf0 <&-5l^tt— IRWCH- a, - 
a) ©2it#-5t«+2, +1, 0, -1, -2 (&-5V> 
«. +2c, + c, 0, -c, -2c) CD5IHiAt& 
-5. -f WUI/Xj£^#(l-D) (1+D) " 3-^^)1 

if&n^^^^MmmE P R 4$>%>W$E EPR4t 
Df«n. li5«fccK0 (fc-SWi— a, -a) © 

2itflHt«+3, +2. +1, 0, -1, -2. - 3 
(&SW4, +3c, +2c, +c, 0, -c, -2 
c. -3c) ©7flttb*tfeS„ 

[0 0 0 4] £Lt©<fc5f::. «aES^ L 'V*;U-Ctt2 3t 
#^#3ffi, 5«[*«^tt7«-©«^KJEai*tl*. d 
031. 5M&-£>(^te7ffi©fI*§-&?nja>£ 1 &&ZfiO<D 
2JB«F^**jsK-r*«fc-5»ct^hr!|[^Sns. 

[0 0 0 5] tf^tftt^tt. N^Sg (©*&*■#*»©# 
^S©Ett^ ; EUfi^mi:LfcB?f^2©m- 1 ft ift 
£) *l#-3ttMt© 3 S'IS^figv>'> (finite state machi 
rte) £LTS3!T?«r*. Il©*IB«IBv->>©*<5Wf*J 
k©tt!i (Nf@) Srffi^rSlt-^e^fcy- Ht*SL, 
: &tt^e»^fS"J (k+1) ©«-t^Ji^©Jg^^^'5>5 L 
t b TSSt -5 2 Atc V =7 V © £ h U- U X & 13 <h ^ 

[0 0 0 6] tf^tfffi^tthUUX^lH±T*^X* 

«sR-ra©tfflti6ti. *s*^JiSK»-ra»wyn 

*#-T -5 »«fti|IS© & -5 -V *3 it -5 

©«**^*ff'5©Kffl^6tia. -rttto*. ^rffi«t«F 

[0 0 0 7] »jKE»»C45l»TI4. 1Zmi£tlfcj : —9 1 

^»UtT©»^fCg5ift bTES-T S jR«JT» 
•5. i©J:^!i;^<!:lxT8/9GCRf^*5WJl 
6/1 7GCR!J^afinW5. — ^. \±9\i'<gm 
T»4E»«F^*«»"P«F^m©e*K:«t o T'«^^ 0 **« 
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[0 0 0 8] 
[0 0 0 9] 

TIBS* * 3££ff O z. nz&r>Tmj&t<nz> 0 

[0 0 10] *5EMK:J:*#|»»ift»S*iE*«6*5j:« 

sibb. (a) ^-^eEftra^K^arara^ffc* 

(b) «^«*ft^©x-*K*ifrrs«#«£, 
[0 0 1 1 ] 

X^P)S20, f<X^ng2 0 £[Eie£i3:3xe> F 

[0 0 12] «^ffi»«£gtt« : FlHl88»6 0 

7x^X70, <>^-7x-fX7 O<0Affl*£fMffl"r 

«7*-7y h^fflWSTSKSaV X ^ n > Fn- 
78 0, 7-fn>85, U — H^^f FT>7 P 5 Qfr£><D 

m^&mm-? 2>mmBtmmi&9 o, xtf>F;u^-^3 

0 SrfH»-rSfc«>OXlf> K;P*JWIeI»9 5, 
9 8^5&£. 

[0013] *5s?H<oaffl»«a:a:4«aEe • n&m 

ffi. *ftw&zn\zmfe$n2>b<DT*&u< . #jxj*^ 
<Dm^mm?&wm\z^*n&Ti;9 Mtw&nmw 

[0 0 14] i&glSBg* • 0 Ott, n>tfzL- 

ftiso iztmrz t&\z, mzmm& 1 5 0 Kiaaa 
nfcT-**K*HiL^h8ii io^m^"r^>o a 

SvfBS • l?£3£H 10 0H fi*J*- tfB 2 KiS^r «fc 5 



#P*H¥ 11-243345 

LT, flMHfcSl 2 0, 7>-/l 3 0, RZtm^&fr^ 
y H 1 4 0 2 bK, ^-^I^m LO7tS6C0£ 

I^MtLT, B^flfcO 'Vy F 1 6 0 , 7 P I/7>yi 

7 o , f wm% nmnmm iso, «^g§ 1 8 5 , & 
x5-frjEia» 1 9 0 *«*t^«. 
[0015] ^^^affl^n^^^^^fi^a^isH 

18 0^43^T, 8Str>fX9*OEBKft:i5 0*5 
tt^BlO^y F 1 6 0K±oTtt*ffl3nfc«^«, ^ 
1/7>^1 7 OKJ;oTJt«;*nfc»<h, 7^rW20 

RSSntBSffl^tt, ADC (7tPy/ry^« 
2 1 oi:±^try^;wi:«*snt»i:, 
m<m&2 2 oi:cfc^T«f©t*©wffbn4. 

ZZX\ *{Kttt, ^^$nAcff^cO^(|g#tt43J:^fi: 
co "1" &*^tt "0° <25^^;Mf^fcl8SUL^-r< 

[0016] mtzntzm^te. \i^^m^mm2 3 0 
\z^x?v$ )\sm^\zmm$Li*t\. 8 5t 

ctoTTC^^-^tCS^^n^o VCO2 4 0H €?{t 
J6l>^D7^lf^CLK2 5 0££j£-T£o 

[0017] **J6»tBTtt, ±»Ljfc7 f s;*;Hi-sHi[ 

-JfSB 1 8 0 fC&^T, ff^ffcgg 1 2 0 1 8 5 

[0018] »#<o«^ iaas**njciE»sft*tf 
[0019] w-^<7)t^"rn<oai5»fc*3^T i t>o<75aj**t 

**10t!7ht»0, b^t> 1 <Z)^mS*3 F 

*^8 Ify h<BflF^&#*.£. «F-^©*S^43^Tttl 
^3ti7Mit^^l, flF*W>*«Tttltt* 
;*2 hf y H^a«Lft^«i:tSi:, 1 0 iftRfc^SIU 
TW#*^to*rtia3fC^"r 1 9 3fl<0W-^i:&5. H 
3^Sbfc«F*IS*»5a"rs < i:H4 0cfc5^3&:S. BI4 

iz^LfcCOfrz (vii)<7)»^<7)*frt^-n-en(7)fflKtt 

[0 0 2 0] 

(i) 5teIH^5 0 <7>*Bi#4ffl£TF 186® 

(ii) fcSa>S0<D«tt#3ffl£lT 179® 

(iii) JtfiB^<&0<Z)ajtt^2ffl£JlT 166<H 

(iv) ftH^b 0 l flfitT 141® 

(v) jfelH** 6 1 <Z>*BW* 1 IB EJIT 1 52® 

(vi) ftm&O 100® 

(vii) JfcSBaU 1 0 27® 
l^±CD7a^(0^^^m^^^ii-T7>U>^X^ 1 0 



(4) 



1 1 -2 4 3 3 4 5 



[0 0 2 2] 



(a) 
(b) 

(c) 

(d) 



(c) 



(i')O(i) 
(OOOOOOOO)O(iv) 
Ov') 0(00000000) 
(10000000)0(1 ii) 
(Hi') 0(00000001) 
(01000000)0(11) 
(HOOOOOO)O(ii) 
(ID 0(00000010) 
(ii') 0(00000011) 
(00100000)0(1) 
(10100000)00) 
(01100000)0(1) 
(n 0(00000100) 

(no(oooooioi) 

(f) 0(00000110) 
(v)l(v) 
(vni(vii) 
(vii')l(vi) 

K±-&SH?65546ffl©«F-^|g**& D . 

mi 



186X186 =34596® 



141X2= 282® 



166X2= 332® 



179X4= 716fg 



(f) 
(g) 



186X6= 1116® 
152X152=23104® 

27X100 X 2=5400® 

1 6 tfy h^)r- 



90_byte 91_byte 



[0 0 2 3] ±E®t?^B«x-*K«Dtttt*. MO 
Wtli2/HK0r-j'O»l/Wh (#0/Wh) £ 

[0 0 2 4] glXfy^lt *C0cfc5tC(a) 
ra«F^g»i: (f ) OTWF^BW— ««W 0 f*W^. SOU 

***14560fl, «F^K*M4570ffi Jtt*^ «F*I 

<D#^J4H 3 KjRLrt:«F*ta>**tT» 0 , (a) - (f) ttfffi 

[0 0 2 5] 
[*1] 



TRBT 
186-255 
186-255 
104-185 

Oh 03 

186-255 



186-255 
104-185 
186-255 
155-255 
0-103 



90_byte »jfrh*y h #1_byis 
97-9192 0 



Til 

(f) #82-9151 

(f) 982-9151 
(f) 90-981 



1ST 
(b) 
(c) 
<c) 
(d) 
(d> 
Cb) 
(b) 
Cf) 



7280*2=14560*1 



952-9192 
#1 

927-9192 
#2.93 
#14-9192 
#4. 95. 96 
#7-9192 
90- 981 
(9) 9152-9178 
(9) 90-999 



97-91 U 
#82-9151 
90- 981 
982-9151 



6724+2446+5400= 



952-9192 

90 
#27-9192 
91 

#14-9192 
92.93 
97-9192 
94. 95. #6 
90-981 
90-999 
9152-9178 
14570® 



[0 0 2 6] WzmiTs^ryZfT'te. 312 tztttt &o 

\z. m 0 <d^\z (g) <Dttm§t (f) <&« o (Dttnm&m 



[0 0 2 7] 
[*23 



(5) 



1 1 -2 4 3 3 4 5 



W.byte 


#1_byte 




#0_byt* «M>fc"* 


b #1_byte 


u- 9y 


IHb-212 


W 


su-#yy 




Slb2-#WB 


186-212 


0- 99 


(g) #152-#178 




#0#99 


0- 40 


213-253 


(f) 


#0-#40 




w-wo 


41- 81 


213-253 


(f) 


#41 -#81 




#0-#40 


21 3-253 


0- 40 


(f) 


#0-#40 




#41 -#81 


213-253 


41- 81 


(f) 


#41 -#81 




#41 -#81 


m\) U- 81 


Hb4-25h 


Cb) 


#0 


0" 


#b2-#192 


82- 99 


213-253 


(b) 


#52-9192 


0 


to 


82- 99 


254-255 


CO 


01 


0 


#27-#192 


100-103 


213-255 


(c) 


#27-#192 


0 


tt 


100-103 


188-212 


Cd) 


#14-#192 


0 


#2, #3 


254-255 


0- 81 


Cd) 


#2* #3 


0 


#14-#192 


213-253 


82- 99 


Ce) 


#4. #5. #6 


0 


#7*1 92 


254-255 


82- 99 


Ce) 


#7-#192 


0 


H#5.#6 


213-255 


100-103 










186-212 


100-103 











1218*2=2436*3 

[0 0 2 8] *t;«3XT7^T11 iBk3\zHkti-?£o 

\zm o <dt- $ \zm o onnm (c> £#j o ttvt s. 



2445 m 

[0 0 2 9] 
[*3] 



#0„byte 


#1 byte 




#0_byte tpK>f£? 


h #1_byio 


U- 81 


2b4 


CcJ 




0 


#l 


0- 81 


255 


(c) #109-#190 


0 


#1 


254 


0- 81 


CO 


#1 


0 


#27-#108 


255 


0- 81 


Cc) 


#1 


0 


#109-190 


82- 99 


2!3-2bb 


lb) 


#0 


U 




100-103 


186-255 


(b) 


#52-#192 


0 


#0 


213-255 


82- 99 


(d) 


#14-#192 


0 


. #2. #3 


186-255 


100-103 


(d) 


#2, #3 


0 


#14-4192 






(«) 


94. #5. #6 


0 


#7-#192 






C<0 


#7~#192 


0 


#4. #5. #6 



1218*2=2108® 

[0 0 3 0] *l:S47T7^Tlt m4lZ&t>-?£o 

\z. mD<DT-?izmo<D^m(Doi5(d)&mQmi 

So 



2114- 



.»4 



#0J>yte 

94- 9b 

96- 97 

98- 99 
100-101 
213-255 
213-255 
213-255 
186-235 

82- 93 
100-101 
102-103 

13924 



#1_byte 
7TH5T 
213-255 
213-255 
186-235 
94- 95 
96- 97 
98- 99 
100-1 01 
213-255 
236-255 
186-255 



137 

Cd) 
(d) 
Cd) 
Cd) 
Cd) 



[0 0 3 1] 



#Q_byto frifrlf y h #1_byte 
~ 52^3 D 



#2. #3 
#2. #3 
#2. #3 
#14-#56 
#57-#99 
Cd) #100-#142 
Cd) #143-#192 
TET 
Cb) 
Ce) 
Ce) 



?o r 

#52-#192 0 
#4-#6 0 
#7-#192 0 
1398 m 



114-ftbb 
#57-#99 
#100-#142 
#143-#192 
#2, #3 
#2. #3 
#2. #3 
#2. #3 
#b2-# 1 H2 

#0 
#7-#192 
#4-#6 



[0 0 3 2] li(3 5Xf7ym ^StCS^Tcfc 
O izm 0 <D?-?\zm D <Z)«MHB (b) £ Ce) £« O tttt 

So 



[0 0 3 3] 
[»5] 



(6) 



1 1 - 2 4 3 3 



&5 



80J>yte 


tfl.byta 


#0_byte 




r h 81 byte 


1UU-1U1 






0 


81/il-8192 


100 


250-255 


Ce) #6 


0 


#179-8184 


101 


250-255 


Ce) #8 


0 


8179-8184 


102 


186-255 


Cb) #0 


0 


#185-8190 


103 


186-255 


Cb) 80 


0 


8122-8191 


236-249 


100-101 


Ce) 1179-8192 


0 


84-85 


250-255 


100 


Ce) 81 79-tt184 


0 


86 


250-255 


101 


Ce) ftt 85-8190 


0 


86 


186-255 


102 


(b) 852-8121 


0 


80 


186-255 


103 


Cb) 8122-8191 


0 


80 



[0034] &>±% nmt\$ms<D&o\z 
H5-ctt«F^fb*ff'5**7 L -y;PH3^*to-a- 

0>£©$EBK:»5*>*ipJ5£U £<ffl<Z><IyO, :fc<fctfyl£: 
#«>fc&<h* xO+yO, txl+ylSB^W-^Sr-tn^tlias 
*>64JM8U h-ibT0*fcttl&BI5fc: 
bifc*^ Tj*A"Tft tf <fc 

[0 0 3 5] ig^ : Fl/(l+D)^fieoT7 p Un-H^fTo 

001 1001 1001 1001 10 
01100110011001100 
11001100110011001 
10011001100110011 

T&2 try h*UT*o, -tntcigK i 7 tfy t-^??-^ 

4fi*ttT§ Z<D£ otelfy b>S*J£, 1 *i 

...001 1,1100... -> ...0111, 
...0011,1101... — ...0111, 
...1011,1100... — ...1010, 
...1011,1 101... -> ...1000, 

§Tfi3t*7 h»:^UtttB2(OtaF^«±ffi3 tfy hrtU 

...0000,0000... — ...0010, 

...0000,0001... — ...0000, 

...0000,0010... — ...0111, 

..0000,0011... — ...0111, 

1000,0000... — ...0111, 

.0100,0000... — .,.0100, 

..1100,0000... — ...0110, 

bte!g2<7)#^T±ft4 t'y h^TOTfti*^ 
^10^iTfi3 bf-y h&<^btt»2<Dfr^(0S± 



fc*§£\ (l-D) (l+D)3<tt^'5JiSa : S:RFOEPRMLT-r*;p'C 

m^Lfcm^. * i ioo* <oe-; hw#i*o£?-fj^*^ 
«^**f8£-r*. eiocki&fcry hwft»<&»»c, tm 
tmT<£>4«<af3F^-i§£, ft^ffcfcftfflb&a^ifc 1 o 

[0 0 3 6] 



3 ei u±mm b & (h *r * jt 66 tc , 

[0 0 3 7] 



0100... 
0101... 
1110... 

1110... («c2) 

it^f) i6/i 7«F#<o«^£fr ^«fi^o 

[0 0 3 8] SSK. aiO^rffiTWF^tftff^fc* 
£\ 1 7 t + 7 h^^Tfi 1 0 t f 7 h^OTSO, f 

O0D^>U>^Xtt«*2 0 tttS. Cl^i:^^ 

[0 0 3 9] 
1110... 
1110. . 
0010.. 
0110.. 
0000.. 
1110. . 

1110... (ft 3) 

h*fctt«T<£3 fc*-y h**l 1 1 <h£t<5>«£-tt&<, b 
^ t>» 2 <7)g«<hft 3 <z>SSIl;:a«te&^fc«>. tf^ tf 



(7) 



&M<DMy Mc2e«»LT*>S 16/1 7^-^^«^$: 

[0 0 4 0] a±T»'<fcflF#IB©»tt»0*«»C<t 
0, 0«ai«ft^lflfc*ttiilip-rs 5« Lit** 

[0 0 4 1] Wmt&l 2 0<Z)|HlK*H6*fflliTSftW 

(DtWT) 3 6 0 £lfctt«3 0 OKArtStl*. J±iK 
g§3 0 OTtt^— ^xO<7)fi^H4JC»«Lfc<t*<^iaHfw 
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